Silverberry, or wolf willow, is a shrub from about 2 to 12 feet tall which occurs from Quebec to Yukon, south to Minnesota, Nebraska and Utah (Gleason 1952) . It is common in the aspen parkland of western Canada, particularly on lighter soils if moisture is adequate. In overgrazed pastures it can multiply rapidly from its vigorous root system (Budd 1957) ) and is also increased from seeds borne in mealy drupes (U.S. D.A. 1948) . Wind may be their main dispersing agency by detaching them and rolling them over the surface of crusted snow. Dormancy and germination behaviour of the seeds has been studied by Corns and Schraa (1962) and the role of the species in hastening succession from prairie to aspen forest has been noted by Bird (1961) .
In the apparent absence of scientific literature dealing with methods of control of silverberry, the relevant research reported here was undertaken in 1960 and continued for three years.
Materials and Methods
At the University Ranch near Kinsella, Alberta, about 100 miles east of Edmonton, plot areas were chosen in a field from which livestock were excluded throughout the experiments.
The sites were uniformly infested with silverberry averaging about 3 feet in height in a population of approximately 25 of these shrubs per 100 square feet (Figures 1 and 2 ( 1) On June 15, when the silverberry was in early full-leaf stage, dicamba, silvex, 2,4-D, 2,4,5-T, MC-PA, barban, and DATC, were sprayed using plots and procedures comparable to those noted under 1960 (1). The rates of application of the chemicals, however, were 1.5 and 3 lb/A for all except barban and DATC, each of which was applied at 3 and 10 lb/A. (2) The large strips of vegetation involved in the 1960 experiments with 2,4-D were, in mid-June 1961, subdivided into square rod plots for further treatments each in quadruplicate. They included 2,4-D at 0, 1, 1.5, 2, 3, and 4 lb/A in 25 gal/A water applied from a portable-tank sprayer. Thus each rate was replicated on silverberry which in 1960: (a) had no treatment or (b) had been mowed or (c) had been treated with 1.5 or 3 lb. 2,4-D/A. In this way there was provision for some comparisons of results of previous late August treatments with those of subsequent early summer treatments and with combinations of these seasonal treatments.
(3) A separate triplicate randomized block experiment with 20 x 20 ft. plots enabled evaluation of treatments repeated during the same growing season in comparison with results after a longer interval between the treatments. It included assessment of effects of control of silverberry upon forage yield of various plots.
The schedule was: It was considered appropriate to mention the trial with the mixtures without giving detailed results since they were essentially the same as those presented later for 2,4-D by itself.
In the ensuing discussion the treatments will be referred to by year and number, e.g. Experiment 1960 (l), etc. In the summer of 1961 during the month after commencement of the new experiment comparing 2,4-D, 2,4,5-T and silvex as well as MCPA, dicamba, barban and DATC, the apparent superiority of the "phenoxy-acid" compounds was again evident:-2,4-D was at least equal in toxicity to 2,4,5-T, silvex and MCPA. Dicamba was slower in expression of injury through top-killing but as indicated by later results it joined the category of superior herbicides ( 
Results and Discussion

18
indicate that late summer treatment by mowing in 1960 led to a marked increase in new growth from the root system during the following years. Late summer treatments with either 1.5 or 3 lb. 2,4-D/A in 1960 were superior to mowing and were essentially equal to one another with regard to top-killing and extent of inhibition of regrowth during the following two years. Single early-summer treatments in 1961 with rates of 2,4,-D of l-4 lb/A were more effective than late summer treatments with 2,4-D in 1960 and were just about as effective alone as when preceded by mowing or 2,4-D treatment the previous August. The lowest rate of 2,4-D used in early summer was as effective as the highest. All were remarkably good but none completely prevented new growth from roots within the ensuing year.
Proceeding now to the results of experiment 1961 (3)) relative to repeated summer treatments, some of the data are presented in Table 3 . The data for 2 and 3 lb/A, 2,4-D treatments and for an entire additional set of observations recorded on June 15, 1962, are omitted because they were virtually the same as those CORNS AND SCHRAA given here. It seems clear from these results that repeated treatments with rates of 2,4-D from 1 to 4 lb/A applied to intact plants in June and to the limited re-growth in August were no more effective than single early summer treatments.
Mowing either before or after applications of 2,4-D brought about no detectable improvement over results from 2,4-D alone. Mowing as many as three times was less effective than a single 1 lb/A application of 2,4-D in early summer. The most successful treatments were 2,4-D applications of 1 to 4 lb/A on June 15, 1961, followed by comparable repeated applications to re-growth present in August of the next year. Two treatments of 1 lb/A were as effective as two 4 lb/A applications. Table 4 summarizes some data for grass yields in 1962 and 1963 from selected plots in experiment 1961 (3). Despite the confusing variability among yields from different replicates there appears to have been a tendency for yields in 1962 to be higher for the treated plots than for the controls while the reverse is suggested by the 1963 data. It may be that in some years at least, silverberry populations of this density offer no significant competition in the grass sod, the bulk of whose roots are above many of those of the shrub. Moreover, as another potential part of the interaction there might be an interesting possibility of some beneficial effect of silverberry roots on grass through fixation of nitrogen. Elaeagnus is known to have such capability (Gardner 1958) . Shepher&a, another member of the Elaeagnaceae and certain other non-leguminous species in e.g. the Alnus genus, may, in association with mycorrhiza, accumulate an appreciable quantity of nitrogen under field conditions (Cracker and Major 1955) . If this is of significance with Elaeagnus commutata the maintenance of an appropriate balance in the population of silverberry rather than its complete eradication would be important. A further avenue of research is therefore suggested.
Grass yields
Despite the inconclusive results regarding effects on grass yields of treatments outlined above, there nevertheless appears to be justification for removal of stands of silverberry which have replaced desirable forage or which interfere mechanically with proper utilization of the grass crop. The data in Table 4 for hand-clipped plots ' do not, of course, show the relative increase in grazing capacity resulting from removal of most of the interference with grazing on the chemically treated plots. While we have no precise information relative to this point and to maximum tolerable density of silverberry plants, it was evident that the silverberry areas had previously been grazed less than half as much as were adjacent grassed areas having no silverberry population.
The shrub therefore may exert a dual natural influence involving interaction of various factors. It may gradually lead to replacement of grass in the plant succession, yet if land is overstocked the silverberry can meanwhile reduce by interference with animal grazing, the rate of loss of desirable forage species. This, of course, is merely a limited temporary benefit. Balanced control measures for the silverberry must obviosuly include proper grazing management. It seems clear that chemical control with 2,4-D can be a feasible part of such an overall program. SILVERBERRY CONTROL Summary A number of chemicals including amitrol T, dalapon, dicamba, silvex, 2,4-D 2,4,5-T, MCPA, barban, and DATC ("Avadex"), were used in exploratory trials to compare their effectiveness against silverberry vegetation on rangeland. Of these, 2,4-D, 2,4,5-T, MCPA, silvex and dicamba seemed to be equally and highly effective but dicamba was somewhat slower in producing visible effects. Because of its efficiency and relatively low cost 2,4-D ester was emphasized in a variety of subsequent experiments. These involved single and repeated applications of the chemical in different seasons and years and in combination with mowing of the silverberry at different times before or after herbicidal application.
The most successful treatments, which brought about near eradication of the silverberry were 2,4-D ester applied at 1 to 4 lb/A in early summer, followed by a second application to new growth during the summer of the following year. The relatively inexpensive treatments at the lower rates were as effective as those at higher rates.
Mowing as many as three times was much less effective than a single 1 lb/A application of 2,4-D in early summer. Mowing either some time before or after the 2,4-D treatments did not improve their results apart 19 from some possible improvement in availability of the forage for grazing.
Addition of small amounts of certain chemicals in mixture with 2,4-D did not increase the degree of suppression of new growth from roots of treated plants.
There was no definite improvement in forage yield associated with control of the silverberry in the open stands. There is little doubt, however, that improved availability of the grass to livestock together with prevention of multiplication of silverberry population would with proper grazing management be beneficial in the long run.
